Three chiral Schiff base (bis(N-R-2-phenylpropyl-3,5-dibromosalicydenaminato)) nickel(II), copper(II), and zinc(II) complexes and their hybrid materials with azobenzene (AZ) have been investigated by means of electronic and CD (circular dichroism) spectra in PMMA matrix. Due to Weigert effect, metal complexes as well as AZ increased their optical anisotropy after linearly polarized UV light, which was confirmed by with polarized electronic and IR spectra. Furthermore, we have measured CD spectra before and after circularly polarized UV light. We have found that supramolecular chirality resulting from molecular arrangement could be induced for rigid Zn(II) complex was larger than that of flexible Ni(II) or Cu(II) complexes.
Introduction
In recent years, we have systematically reported on preparation (combination of azo-dyes and metal complexes) and control as well as detection of photoinduced molecular arrangement for organic/inorganic hybrid materials in polymer matrix [1] [2] [3] [4] [5] . Theoretical understanding about dipole-dipole interactions of polarized optical spectra [1, 2] , effects of chiral azo-dyes [3] as well as chiral Schiff base complexes [4] have been investigated besides conventional cis-trans photoisomerization of azobenzene (AZ) [5] and Weigert effect, which induced optical anisotropy by (linearly) polarized UV light irradiation. In this way, positive applications of it may provide useful methodology for researches of softmaters or organic/inorganic hybrid materials.
When chiral materials are treated in the solid states or as softmaters keeping molecular orientation [6] , so-called artifact due to solid-state CD spectra sometimes may make it impossible to carry out accurate measurements. Some instruments have been developed to overcome this problem [7, 8] . Recently, we have attempted to discuss its effect in view of viscosity of softmater matrix [9, 10] and separate real CD peaks [11] . In this way, technical preparation for supramolecular (helical) molecular orientation induced by circularly polarized UV light has been established and ready at present. Herein, we have investigated on organic/inorganic hybrid materials of AZ and chiral Schiff base (bis(N-R-2-phenylpropyl-3,5-dibromosalicydenaminato)) nickel(II) (Ni), copper(II) (Cu), and zinc(II) (Zn) complexes ( Fig. 1) in PMMA matrix. These systems of hybrid materials potentially exhibit Weigert effect after polarized UV light irradiation. In addition, we investigate correlation between molecular flexibility of metal complexes and polarized light induced molecular arrangement by both linearly and circularly polarized UV light. 
Polarized UV light induced molecular arrangement
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Experimental Sections
Procedures. Chemicals of the highest commercial grade available (solvents are from Kanto Chemical, organic compounds are from Tokyo Chemical Industry and metal sources from Wako) were used as received without further purification. Preparation of Ni. To a solution of 3,5-dibromosalicylaldehyde (2.7991 g, 10 mmol) dissolved in methanol (50 mL), R-(+)--methylphenethylamine (1.3612 g, 10 mmol) was added and stirred at 313 K for 2 h to give dark orange solution of ligand. Nickel(II) acetate tetrahydrate (1.2458 g, 5 mmol) was added to the resulting solution to give dark green solution of the complex. After stirring for 4 h, this crude dark green compound was filtered and recrystallized from methanol. Preparations of hybrid materials, Ni+AZ+PMMA, Cu+AZ+PMMA and Zn+AZ+PMMA. Acetone solutions (1 mL) of AZ (1.7 × 10 -3 g in 10 mL acetone), acetone solutions (1 mL) of Ni (4.3 × 10 -3 g in 10 mL acetone) or Cu (4.2 × 10 -3 g in 10 mL acetone), or Zn (4.3 × 10 -3 g in 10 mL acetone) and acetone solution (2 mL) of PMMA (10%) were mixed and were cast on to a slide glass at room temperature. Physical Measurements. Elemental analyses (C, H, N) were carried out with a Perkin-Elmer 2400II CHNS/O analyzer at Tokyo University of Science. Infrared spectra were recorded as Nujol mull on a JASCO FT-IR 4200 plus spectrophotometer equipped with polarizer in the range of 4000-400 cm -1 at 298 K. Absorption spectra were measured on a JASCO V-570 UV/VIS/NIR spectrophotometer or a JASCO V-650 spectrophotometer equipped with polarizer in the range of 800-220 nm at 298 K. Photo-illumination were carried out using a lamp (1.0 mW/cm 2 ) with optical filters (UV λ = 200-400 nm) (and /4 filter for circularly polarized UV light) leading to a sample by using optical fibers and polarizer through optical filters.
Results and Discussion
Linearly polarized UV light induced optical anisotropy. Tables 1 and 2 summarized optical anisotropic R and S values of hybrid materials Ni+AZ+PMMA, Cu+AZ+PMMA and Zn+AZ+PMMA after linearly UV light irradiation. In order for discussion of Weigert effect, the degree of photoinduced optical anisotropy (spectral dichroism) of absorption electronic spectra can be described commonly by these two parameters (R and S): Assignment of spectral peaks was in agreement with the analogous compounds [12] . As listed in Tables 1 and 2 , * and n* bands of AZ were directly changed by Weigert effect, while d-d bands of Ni or Cu were changed by supramolecular interaction in softmater PMMA matrix. As shown in Fig. 2 In order for selective observation of component, in other words proof of supramolecular interaction from Weigert effect to optical anisotropy, polarized IR spectra were measured of which C=N bands of metal complexes used as a probe to detect each component separately [13] . Tables 3 and 4 summarized optical anisotropic R and S values from polarized IR spectra of hybrid materials Ni+AZ+PMMA, Cu+AZ+PMMA and Zn+AZ+PMMA after linearly UV light irradiation. Fig. 3 depicts angular dependence of C=N band intensity during rotation of a polarizer. Circularly polarized UV light induced optical anisotropy. Fig. 3 depicts CD spectra of hybrid materials Ni+AZ+PMMA, Cu+AZ+PMMA and Zn+AZ+PMMA before and after circularly UV light irradiation. Because of helical molecular arrangement AZ directly induced by UV light irradiation, supramolecular chiral arrangement was also induced for the hybrid materials.
Therefore, CD bands (especially intensity in * region of the chiral metal complexes) are changed after circularly UV light irradiation for three hybrid materials. It should be noted that characteristic CD peak shift around 250-350 nm could be observed only for Zn+AZ+PMMA (highlighted by circles in Fig. 4 ). To our knowledge, this is the first observation of CD spectral changes attributed to light induced supramolecular chiral arrangement of not azo-dyes mainly [14] but metal complexes clearly. In contrast to flexible Ni or Cu, rigid Zn containing electron-withdrawing Br-groups can be effectively communicated supramolecular chiral arrangement from directly photo-responsible component AZ.
Fig. 4.
[Above] CD spectra for Ni+AZ+PMMA, Cu+AZ+PMMA, and Zn+AZ+PMMA before and after circularly polarized UV light irradiation.
[Below] Difference CD spectra for Ni+AZ+PMMA, Cu+AZ+PMMA, and Zn+AZ+PMMA before and after circularly polarized UV light irradiation.
Conclusions
In summary, we have prepared organic/inorganic hybrid materials (Ni+AZ+PMMA, Cu+AZ+PMMA, and Zn+AZ+PMMA) and not only linearly but also circularly polarized UV light irradiation induced increasing optical anisotropy due to Weigert effect of AZ and supramolecualr chiral arrangement, respectively. As for the effects of circularly polarized UV light irradiation, rigid Zn more effectively communicates the changes of molecular arrangement than flexible Ni or Cu. This was confirmed by characteristic shift of the difference CD peaks.
